1. Introduction {#s0005}
===============

Acute upper respiratory infections are fairly common, for which children usually experience 3--8 episodes of it per year and 10--15% of the infected kids need to take at least 12 medical services for this particular type of infections annually ([@bib16]). Typical symptoms of this group of diseases include sore throat, cough, fever, malaise and myalgia that may last for days ([@bib40], [@bib48], [@bib49]). They are rarely fatal but cause significant morbidity and economic burden ([@bib21]). These diseases result in increasing frequency for suspending classes for school children ([@bib15]).

More than 200 types of virus are reported associated with upper respiratory infections, including rhinovirus, coronaviruses, influenza viruses, parainfluenza viruses, adenoviruses and respiratory syncytial virus, human metapneumovirus, bocavirus, and polyomavirus ([@bib4], [@bib14], [@bib16], [@bib46], [@bib48]). Additionally, some specific bacteria, such as group A streptococci, were isolated from the patients with these diseases which could complicate their infections even further ([@bib10], [@bib16], [@bib21], [@bib46]).

Occurrence of acute upper respiratory infections is usually more common in seasons with lower temperature ([@bib18], [@bib28], [@bib33]). Moreover, air pollutants, including NO~2~, O~3~, and particulate matter (PM), were also reported correlated with increased morbidity of respiratory infections ([@bib6], [@bib22], [@bib29], [@bib30], [@bib34], [@bib37], [@bib51], [@bib52]). Even though the evidence of positive association between ambient environment and elevation of acute upper respiratory infections were revealed in literature, respiratory infections were believed to be more linked to the circulation of respiratory biological agents ([@bib16], [@bib40], [@bib46]). Although some evidence about risk estimates of environmental risk factors showed various day lags resulting from displacement effect (harvesting effect) ([@bib53]), the association and interaction between acute upper respiratory infections and environmental and biological factors remains unclear. Moreover, latencies (the lag effects) of circulating respiratory viruses, air pollutants, and temperature led to more difficulties in clarifying the associations.

Therefore, current time series study aimed to clarify the acute to short-term effects of circulating respiratory viruses, daily temperature, and air pollutants on the outpatient visits of acute upper respiratory infections using chronological reimbursement claims of Taiwan national health insurance data for population aged less than 15 years old in Taipei, Taiwan.

2. Methods {#s0010}
==========

2.1. Study setting {#s0015}
------------------

Data involved in present study included health insurance claims from the Taiwan National Health Research Institute, daily meteorological records from the Central Weather Bureau, daily air pollution monitoring records from the Taiwan Environmental Protection Administration, and daily virological surveillance data from the [@bib43].

Over 96 percent of the 23-million population in Taiwan had been covered in the National Health Insurance program since 2000 ([@bib5]). Meanwhile, Taiwan National Health Research Institute also established a cohort with electronic reimbursement claim records consisting of a national representative random sample of one million people from the whole residents in Taiwan ([@bib45]). Individual identification number of citizenship was utilized for linking to the National Health Insurance electronic database for further analyses. Gender, date of birth, health care received by the subjects, dates of outpatient visits, inpatient admissions and discharges, and names of medical caregivers providing these services for this representative sample were thus retrieved.

Study subjects were population aged less than 15 years residing in Taipei Metropolitan, including Taipei City and New Taipei City (*n*=39,766 in 2005). Diagnoses were coded according to the 9th revision of International Classification of Diseases with clinical modification (ICD-9 CM). Records of outpatient visit for acute upper respiratory infections, which included common cold (ICD-9 CM code: 460), acute pharyngitis (code 462), acute tonsillitis (code 463), acute laryngitis (code 464), acute upper respiratory infection (code 465.9), and influenza (code 487), during the period of 2003--2007 were retrieved.

[@bib43] launched a nationwide virus surveillance network in 1999 ([@bib43]) and contracted with 8 regional clinical virology laboratories of medical centers to real-time monitor the circulating viruses country wide. Community sentinel physicians (from sentinel physician-based surveillance system) across the nation collected nasal and/ or throat specimens daily from patients with one or more symptoms of upper and lower respiratory tract infections, including cough, sore throat, tonsillitis, pharyngitis, pneumonia, and bronchiolotis. These collected specimens were delivered to regional contracted laboratories to examine the viral types, including influenza type A, influenza type B, parainfluenza viruses, adenoviruses, and respiratory syncytial virus, using viral isolation, immunofluorescent assay by type-specific monoclonal antibodies (Dako, Cambridgeshire, United Kingdom), and reverse-transcriptase polymerase chain reaction for subtype identification ([@bib42], [@bib39]). The Kun-Yan Central Laboratory of the [@bib43] was responsible for the final confirmation of cases based on laboratory results and reported symptoms. This study used laboratory-based virological surveillance data from 2003 to 2007 in Taipei (identification results from clinical virology laboratories of Tri-Service General Hospital, National Taiwan University Hospital, and Chang Gung Memorial Hospital in Linkou) that contained information for scrambled patient identification, gender, birthday, residential area, dates of disease onset and admission, results of viral isolation and names of medical caregivers providing services. Daily virus-specific isolation rates were calculated using the number of positive identified respiratory infections specimens divided by the total specimens from regional reference virology laboratories.

Taiwan Environmental Protection Administration established the Taiwan Air Quality Monitoring Network in 1993, consisting of 74 stationary monitoring stations nationwide in 2008 ([@bib44]). Concentrations of ambient air pollutants--particulate matter less than 2.5 μm in aerodynamic diameter (PM~2.5~) by beta-ray absorption measurement, nitrogen dioxide (NO~2~) by chemiluminescene measurement, and ozone (O~3~) by ultraviolet absorption measurement were recorded hourly. This study utilized daily average levels of NO~2~ and O~3~ monitored at 13 general ambient stations and daily measurements of PM~2.5~ (10 days missing data among 1826 days from 2003 to 2007) obtained from Hsinchuang supersite station in Taipei metropolitan, 2003--2007. Locations of monitoring stations were shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Locations for general ambient stations and weather station in Taipei metropolitan.

Central Weather Bureau provides 24-h weather records (average temperature, maximum/ minimum temperature, relative humidity, and barometric pressure) from 25 real-time weather monitoring stations in Taiwan ([@bib7]). In our analyses, we used daily weather measurements from Taipei weather station that is most representative to the ambient temperature exposures of local population ([Fig. 1](#f0005){ref-type="fig"}).

2.2. Statistical analysis {#s0020}
-------------------------

This study applied a distributed lag non-linear model (DLNM) with Poisson distribution ([@bib20]) to assess the effects of daily average temperatures, concentrations for NO~2~, O~3~ and PM~2.5~, and rates of positive isolated viruses to the risk of outpatient visits for acute upper respiratory infections. To model the non-linear and delayed effects for temperature and air pollutants, lag-stratified natural cubic spline (NS) DLNM models were adopted for analysis. Relative risks of temperature and air pollutants were estimated by cross-basis function in DLNM models. The cross-basis function contains the dimensions of variables and lag days. This study placed the knots of variables at equally spaced quantiles of the predictor, and the knots of lag at equally spaced values on the log scale of lags.

Sensitivity analyses were conducted to evaluate the covariates and their degrees of freedom (*df*) in the model. We compared the risk estimates and model fittings for various combinations of relative humidity (NS, *df* set from 4 to 6), wind speed (NS, *df* set from 4 to 6), long-term time trend (NS, *df* set from 4 to 12), cross-basis of air pollutants (NS, *df* set from 4 to 5 for concentrations), and cross-basis of average temperature (NS, *df* set from 4 to 6 for temperature). The lag structure between temperature and outpatient visits of acute upper respiratory infections was assessed for lags 0--5 days, 0--7 days, 0--10 days, 0--20 days, and 0--30 days. The lag structure between air pollutants and outpatient visits of acute upper respiratory infections was assessed using lags 0--2 days, 0--5 days, and 0--10 days. Lag stratification of temperature and air pollutants were both set at 3 *df*. This study used Akaike's information criterion (AIC) for model selection ([@bib1]). Lower AIC value indicates a better model.

Considering both model fitting and acute to short-term effects of ambient environment, daily average temperature was set at NS with 6 *df* (approximately 4 °C for 1 *df*), and cumulative 8-day (from current day to maximum lag of 7 days) relative risks (RR) and 95% confidence intervals (CI) for outpatient visits associated with specific temperatures at 5th, 50th and 95th percentiles were estimated by comparing with the temperature of lowest outpatient visits for acute upper respiratory infections. Air pollutants, NO~2~, O~3~ and PM~2.5~, were set at NS with 5 *df*. Six-day cumulative effects (lag 0--5 days) were estimated by comparing concentrations of air pollutants at 75th and 95th percentiles with concentrations at 25th (Q1) percentile ([@bib2], [@bib9]).

Meanwhile, this study assumed linear relationship above the threshold (i.e., zero isolation for respiratory viruses was set as baseline) between daily virus-specific isolation rate and acute upper respiratory infections, and the lag effects were assessed from lag 0 to maximum lag 10 days (set at NS function with 3 *df*) after considering the latent period and infectious period for respiratory viruses ([@bib27]). Relative risks and their 95% confidence intervals for acute upper respiratory infections associated with one standard deviation (SD) increase of daily virus-specific isolation rates were reported in this study.

Natural cubic spline with 6 *df* was applied in daily measurements of relative humidity (RH) and wind speed (WS). Long-term trend (NS, 12 *df* per year), holiday effects, and effect from day of the week were also adjusted in the models. Moreover, year was treated as an extra categorical variable in models to control for annual variation in health outcomes (e.g., the sudden drop of outpatient visits due to epidemic of severe acute respiratory syndrome in 2003). The model for expected outpatient visits of acute upper respiratory infections (*Y*) at day (*t*) was:$${Log} E\left\lbrack Y_{t} \right\rbrack = \sum\limits_{t = 0}^{10}{{Linear}(V_{i,t};{lag}, 3)} + \sum\limits_{t = 0}^{5}{NS(X_{j,t}, 5;{lag}, 3)} + \sum\limits_{t = 0}^{7}NS(T_{avg.,t}, 6;{lag}, 3) + NS(RH,6) + NS(WS,6) + NS({time},12/{year}) + {confounders},$$where $Y_{t}$ is the expected outpatient visits on day *t*. A linear relationship was assumed between outpatient visits and daily virus-specific isolation rate ($V_{i,t}$, *i*=1--5 for five main categories of respiratory virus) with zero thresholds and effects were accumulated for 10-day lag maximum; $X_{j,t}$ represents the NS for measurements of air pollutants (*j*=1--3 for PM~2.5~, O~3~, and NO~2~, set at *df*=5) on day *t*. Effects were accumulated for 6 days (lag 0--lag 5 days) under 3 *df* lag stratification; Six degrees of freedom was set for average temperature on day *t* ($T_{avg.,t}$), and the effect was accumulated for 8 days (lag 0--7 days) under 3 *df* lag stratification. The smoother term of time ("time" in the model) was set to 12 *df* per year. Cumulative relative risks were estimated from exponential of cumulative risk estimate ($\beta$) over the lag days (*K*) ([@bib35]):$${Cumulative}{relative}\text{risk} = \text{Exponential}{function}\left( {\sum\limits_{lag = 0}^{Kdays}\beta_{lag}} \right)$$

Data manipulation and all the statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) and statistical environment R 2.15 (dlnm package).

3. Results {#s0025}
==========

3.1. Characteristics of acute upper respiratory infections, atmospheric environment and circulating viruses {#s0030}
-----------------------------------------------------------------------------------------------------------

There were 666,653 outpatient visits for acute upper respiratory infections in total during 2003--2007 among the study population. In addition, a total of 12,190 biological specimens (72.3% was sampled from population aged less than 15 years) for virus surveillance were examined in the same period of time. The number of isolated specimens for influenza A, influenza B, parainfluenza viruses, adenoviruses and respiratory syncytial virus were 651, 499, 109, 739 and 43, respectively.

General features of average daily outpatient visits for acute upper respiratory infections, isolation rates for circulating viruses, and atmospheric environment during 2003--2007 in Taipei are described in [Table 1](#t0005){ref-type="table"}. Daily isolation rates of circulating viruses were almost zero. [Fig. 2](#f0010){ref-type="fig"} shows seasonal pattern in which outpatient visits of acute upper respiratory infections and isolation of influenza B were higher in cold months. Influenza A had the highest isolation rate in February, followed by a minor peak from June to August. Sudden drop of outpatient visits of acute upper respiratory infections happened in February because of Chinese New Year. Except the bimodal peaks of O~3~ (April--May and October--November), concentrations of PM~2.5~ and NO~2~ were found the highest in March--April.Table 1Average daily measurements of outpatient visits for acute upper respiratory infections, temperature, air pollutants and circulating viruses from 2003 to 2007 in Taipei Metropolitan.VariablesMeanStandard deviationMinimumPercentileMaximum5th25th50th75th95thAtmospheric environment PM~2.5~ (μg/m^3^)30.115.81.379.8218.626.938.860.6109 NO~2~ (ppb)23.47.783.5411.818.422.527.438.655.2 O~3\ (~ppb)25.99.184.7911.519.525.631.641.964.2 Average Temperature (°C)23.55.348.3014.119.324.028.030.833.0 Relative humidity (%)75.68.8351.061.069.075.082.090.098.0 Wind speed (m/s)2.581.2401.001.602.303.504.707.90  Circulating viruses[⁎](#tbl1fnStar){ref-type="table-fn"} Specimen number6.895.05113691654 Influenza A, %5.5613.20000028.6100 Influenza B, %2.878.760000022.2100 Parainfluenza viruses, %6.0112.700000.0928.6100 Adenoviruses, %0.965.25000007.14100 Respiratory syncytial virus, %0.413.70000000100Outpatient visits of AURIs[†](#tbl1fndagger){ref-type="table-fn"}36519261172233374737291,243[^1][^2]Fig. 2Patterns for outpatient visits of acute upper respiratory infections, ambient environment and virus-specific isolation rate by month in Taipei metropolitan, 2003--2007.

3.2. Cumulative relative risks {#s0035}
------------------------------

[Fig. 3](#f0015){ref-type="fig"} shows the 8-day cumulative RR associated with average temperature, 6-day cumulative RRs associated with air pollutants (PM~2.5~, NO~2~ and O~3~), and 11-day cumulative RRs associated with virus-specific isolation rates for outpatient visits of acute upper respiratory infections using DLNM controlling for the daily RH, WS, holiday effects, day of a week, and smoothing long-term trend.Fig. 3Cumulative 8-day (lag 0--7 days) relative risks (RR) for average temperature, cumulative 6-day (lag 0--5 days) RR for air pollutants (NO~2~, O~3~ and PM~2.5~), and cumulative 11-day (lag 0--10 days) RR for virus-specific positive isolation rate associated with outpatient visits of acute upper respiratory infections using DLNM model controlled effects of relative humidity, wind speed, long-term trend, day of the week, and holiday effects.

Average temperature of 33 °C associated with the lowest risk for outpatient visits of acute upper respiratory infections. Compared with 33 °C as reference, cumulative 8-day RR was the highest as ambient average temperature at 15 °C with an RR equals to 1.94 (95% CI: 1.78, 2.11). Concentration of NO~2~ was most associated with outpatient visits of acute upper respiratory infections among these three air pollutants. Compared with measurements of 25th percentile, cumulative 6-day RRs were 1.25 (95% CI: 1.21, 1.29) for NO~2~, 1.04 (95% CI: 1.01, 1.06) for O~3~, and 1.00 (95% CI: 0.98, 1.03) for PM~2.5~ at 95th percentile of measurements. Cumulative RR was significant for PM~2.5~ only when its concentration exceeded 70\< μg/m^3^ in Taipei metropolitan.

The cumulative risk of outpatient visits of acute upper respiratory infections were statistically elevated by daily isolations of influenza A, influenza B and adenoviruses, cumulative 11-day RRs were 1.02 (95% CI: 1.01, 1.03), 1.05 (95% CI: 1.03, 1.06) and 1.04 (95% CI: 1.03, 1.05) per SD increase for isolation rates, respectively.

3.3. Lag effects of risk factors {#s0040}
--------------------------------

[Fig. 4](#f0020){ref-type="fig"} shows the lag effects of average temperature on outpatient visits of acute upper respiratory infections based on reference temperature of 33 °C. Relative risks were higher in lower temperatures and earlier lag days. Risk was the highest at 15 °C at lag 0 day (RR=1.22; 95% CI: 1.19, 1.26).Fig. 4Lag associations between average temperature (baseline: 33 °C) and outpatient visits of acute upper respiratory infections. The DLNM model controlled effects of relative humidity, wind speed, long-term trend, day of the week, and holiday effects.

Lag effects varied with air pollutants---PM~2.5~, NO~2~ and O~3~ at measurements of 75th and 95th percentiles ( [Fig. 5](#f0025){ref-type="fig"}). Supplementary [Figs. 1--3](#s0055) also present the lag effects varied with the concentrations of these air pollutants. Risks of NO~2~ and O~3~ occurred earlier than PM~2.5~, RRs were 1.12 (95% CI: 1.10, 1.13) and 1.02 (95% CI: 1.01, 1.03), respectively, at lag 0 day as population exposed to measurements of 95th percentile. Outpatient visits of acute upper respiratory infections were negative associated with PM~2.5~ before lag 2 days. PM~2.5~ shows the highest relative risk at lag 4--5 days.Fig. 5Lag associations between air pollutants at measurements of 75th and 95th percentiles (baseline: 25th percentile) and outpatient visits of acute upper respiratory infections using DLNM models controlling for relative humidity, wind speed, long-term trend, day of the week, and holiday effects.

Risks of acute upper respiratory infections were relevant to isolation rates of respiratory viruses, and the risks across 11-day lags varied with the type of respiratory viruses ( [Fig. 6](#f0030){ref-type="fig"}). Isolation of influenza B, parainfluenza viruses and adenoviruses associated with outpatient visits of acute upper respiratory infections in a V-shaped association within 11 lag days' analysis. RRs were 1.01 (95% CI: 1.01, 1.02) for influenza B, 1.01 (95% CI: 1.00, 1.01) for parainfluenza viruses, and 1.01 (95% CI: 1.01, 1.01) for adenoviruses, as 1 SD increase for isolation rates at lag 0 day. Risks of isolation of influenza A were significant from lag 2--8 days and its RR was the highest at lag 4 days (RR=1.01, 95% CI: 1.01, 1.01, as 1SD increase for isolation rate).Fig. 6Lag associations between virus-specific isolation rate per SD increase and outpatient visits of acute upper respiratory infections using DLNM models controlling for relative humidity, wind speed, long-term trend, day of the week, and holiday effects.

4. Discussion {#s0045}
=============

In present analyses, distributed lag non-linear models were performed to estimate the cumulative relative risks of average temperature, air pollutants, and circulating respiratory viruses on acute upper respiratory infections of a massive cohort aged less than 15 years old. Lower temperature, higher concentrations of NO~2~ and O~3~, and higher isolation rates of influenza A, influenza B and adenoviruses were particular related to elevated risks of acute upper respiratory infections outpatient visits in Taipei metropolitan.

Previous studies reported higher positive identification rate of circulating respiratory viruses in winter ([@bib16], [@bib17]). However, only influenza A and influenza B are shown to have seasonal variation in the present study ([Fig. 1](#f0005){ref-type="fig"}). The seasonal pattern is not statistically significant for parainfluenza viruses, adenoviruses and respiratory syncytial virus, which are commonly related with acute upper respiratory infections ([@bib14]). Variations of acute upper respiratory infections cannot be explained solely by circulating viruses revealed that the contributions from the risk factors other than circulating viruses should be further considered.

Present study revealed that daily outpatient visits for acute upper respiratory infections was significantly reversely related to average temperature, which was similar to what [@bib18] reported. In literature, lower temperature and humidity were found correlated with respiratory tract infections ([@bib28], [@bib33]). Cold air could enhance the susceptibility of sensitive population by increasing vasoconstriction in upper airways and depressing the clearance mechanism of infections ([@bib11], [@bib38]). Additionally, transmission of suspected infectious bioaerosol (e.g., influenza viruses) has been reported negatively related with ambient temperature ([@bib31]). The present study detected significant correlations between average temperature and daily isolations for influenza A (correlations coefficient=−0.15, *p*\<0.01), influenza B (correlations coefficient=−0.22, *p*\<0.01), and adenoviruses (correlations coefficient=0.05, *p*\<0.05). Future studies to address the effects of ambient environment and viral activity to upper respiratory infection are recommended. Besides, this study identified a negative association between average temperature and outpatient visits for temperatures ranged from 33 to 15 °C and a positive association between temperature lower than 15 °C (approximate 5th percentile of average temperature) and outpatient visits. A possible explanation is that people who have mild illness may prefer to stay in indoor environment and take actions in response to remit the symptoms themselves, rather than to seek medical help outside in cold temperature.

Experimental studies demonstrated that exposure to air pollutants synergistically caused viral or bacterial infections in airway epithelial cells ([@bib8], [@bib12], [@bib13]). Exposure to ozone may enhance sensitivity of inflammation ([@bib13]) and thus increased the possibility of infections ([@bib12], [@bib41]). But, ozone can also be protective because of its virucidal effect that relies on the exposure timing (before or after the respiratory infections) and duration ([@bib12]). No matter the NO~2~ exposure is preceding or succeeding to respiratory viral infections, NO~2~ may decrease virus-specific immunity in mice and increase the inflammation of cells ([@bib12]). The exposure of PM was suggested to decrease phagocytic ability and evoke infection in animal models, but the phenomenon was found specifically for respiratory syncytial virus only ([@bib3], [@bib24], [@bib25], [@bib26]).

Some epidemiological studies have identified the positive associations between PM~10~, NO~2~, O~3~ and CO and respiratory infections ([@bib6], [@bib22], [@bib29], [@bib30], [@bib34], [@bib52]). [@bib23] reported a 2-fold relative risk of acute upper respiratory infections in NO~2~-polluted city compared to less polluted cities for children aged less than 7 years old in Finland . NO~2~ and PM~10~ were also found strongly correlated with respiratory infections for children in Toronto ([@bib29]). In Hong Kong, general practitioner visits for acute upper respiratory infections were reported associated with ambient NO~2~, O~3~, PM~10~ and PM~2.5~. Similar to our finding, [@bib52] also identified NO~2~ with the greatest effects following by O~3~ on acute upper respiratory infections . However, we identified the positive association between PM~2.5~ and acute upper respiratory infections when its concentration exceeded 70 μg/m^3^ in Taipei metropolitan. Numerous studies reported a positive association between PM and mortality/morbidity of cardiopulmonary diseases ([@bib50]). Relatively few studies evaluated both the effects of ambient environment and circulating respiratory viruses on acute respiratory infections. [@bib51] assessed the modification of influenza on acute respiratory infections and suggested that ambient influenza activity should be involved in the consideration of short-term effects of air pollutants. Therefore, more studies focusing on related issues are warranted in the future.

This study evaluated the risk pattern of PM~10~, PM~2.5~, daily hourly maximum O~3~, maximum 8-h moving average for O~3~, and daily 24-h average O~3~ relating to outpatient visits of acute upper respiratory infections. Based on model selection strategy of lower AIC value and relative risks estimated, the optimal model on prediction of acute upper respiratory infections was the one using 24-h average of PM~2.5~ and O~3~. Similar findings were reported in two previous papers ([@bib36], [@bib52]), concluding that the magnitude of RR was higher for PM~2.5~ than PM~10~, in contrast to the study in Toronto ([@bib29]).

Latency effect of risk factors is of great importance in health risk assessment. [@bib30] indicated that ozone level was correlated with 2-day lag of hospital admission for respiratory diseases in childhood. [@bib19] found acute respiratory infections significantly associated with the levels of NO~2~ at lag 0 day , which was consistent to our observations. We have tried to evaluate the lag effects for virus-specific isolation rate on outpatient visits of acute upper respiratory infections. This study found influenza B and adenoviruses associated with acute upper respiratory infections at lag 0--3 days and lag 7--10 days, and lag effects were significant from lag 2--8 days for influenza A. In this study, we observed clear lag effects varying with covariates and their levels throughout evaluating periods ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}, [Fig. 6](#f0030){ref-type="fig"}). Therefore, using DLNM to calculate the cumulative relative risks of outpatient visits for acute upper respiratory infections to risk factors on a given day and lag days would be a more sensible method.

Significance of covariates in original analyses remained in sensitivity analyses, no matter how the *df* was changed. However, relative risk estimations for temperature and air pollutants were the highest when long-term trend (*time*) was set at 5--7 per year (other settings are the same with this study). RR for average temperature at measurement of 5th percentile was 2.25 (95% CI: 2.09, 2.40) when *time* was set at 6 per year and 1.27 (95% CI: 1.23, 1.31) for NO~2~ at measurement of 95th percentile when *time* was set at 7 per year. Relative risks for daily isolations of respiratory viruses were the highest when *time* was set at 5 per year for influenza B and 9 per year for adenoviruses (other settings are the same with this study). RRs for per SD increase of isolation rates were 1.11 (95% CI: 1.10, 1.12) when *time* was set at 5 per year for influenza B, and 1.06 (95% CI: 1.05, 1.07) when *time* was set at 9 per year for adenoviruses.

The major advantage of current study was the massive population-representative sample, in contrast to other countries without overall coverage of health insurance. However, limited information of other kinds of circulating virus is a flaw in this study. Based on emerging infectious diseases policy of Taiwan CDC, influenza A, influenza B, parainfluenza viruses, adenoviruses and respiratory syncytial virus are the major targets for investigations. Therefore, the effect of other respiratory viruses, including rhinoviruses, coronaviruses, human metapneumovirus, bocavirus, polyomavirus, and bacterial infections which have been reported in recent studies ([@bib4], [@bib14], [@bib16], [@bib32], [@bib46], [@bib47]) was out of the scope of present study. In addition, the influence from government-funded seasonal influenza vaccination campaign starting in 1999 in Taiwan was not evaluated in the present study, because Taiwan CDC did not establish a complete database for advanced evaluation. Moreover, current study utilized data of a cohort with one million subjects which was started in 2000 that implied the lack of information for children aged younger than 2 years during the study periods (2003--2007). Therefore, we were unable to generate the study outcomes to younger kids.

With the evidence given by present study, we suggest that average temperature and concentrations of ambient NO~2~ in urban areas could cause fairly strong adverse effects on acute upper respiratory infections, rather than what incipiently known that they primarily come from circulating respiratory viruses. Further studies are in need to clarify the mechanisms about temperature, air pollutants, and virulence of respiratory viruses for various susceptible populations.

In conclusion, this study used distributed lag non-linear models to assess the cumulative relative risks of atmospheric environment and circulating respiratory viruses associated with outpatient visits for acute upper respiratory infections. In addition to elevated risks associated with lower average temperature, daily concentrations of NO~2~ also contributed to higher risks and followed by the isolation rate of influenza type B and adenoviruses.
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[^1]: Number of virus-specific isolated specimens divided by the total specimens from the regional reference virology laboratories.

[^2]: Study population was 39,766 in Taipei, 2005.
